Abstract. Giant planets are believed to host central dense rocky/icy cores that are key actors in the core-accretion scenario for their formation. In the same time, some of their components are unstable in the temperature and pressure regimes of central regions of giant planets and only ab-initio EOS computations can address the question of the state of matter. In this framework, several works demonstrated that erosion and redistribution of core materials in the envelope must be taken into account. These complex mechanisms thus may deeply modify giant planet interiors for which signatures of strong tidal dissipation have been obtained for Jupiter and Saturn. The best candidates to explain this dissipation are the viscoelastic dissipation in the central dense core and turbulent friction acting on tidal inertial waves in their fluid convective envelope. In this work, we study the consequences of the possible melting of central regions for the efficiency of each of these mechanisms.
Introduction and context
While more and more giant gaseous and icy planets are discovered in exoplanetary systems (e.g. Perryman 2011), internal structure of Jupiter, Saturn, Uranus and Neptune are still uncertain (e.g. Guillot 1999; Fortney et al. 2010; Baraffe et al. 2014) . More particularly, the mass and the radius of potential central dense cores of rocks and ices are still unknown (e.g. Militzer & Hubbard 2009; Nettelmann 2011; Helled & Guillot 2013) with no firm constrains Gaulme et al. 2011 ) while they are key elements for core-accretion formation scenario of these planets (e.g. Pollack et al. 1996; Morbidelli et al. 2015) . In this framework, several works have demonstrated that elements constituting these regions (as for example silicates like MgSiO 3 ) are thermodynamically unstable in the pressure and temperature regimes of giant planet interiors (e.g. Wilson & Militzer 2012a,b; Wahl et al. 2013; González-Cataldo et al. 2014; Mazevet et al. 2015 ). These results demonstrate that central dense regions constituted of heavy elements may dissolve in the envelope. It may lead to an erosion of the core, a redistribution of core materials in the envelope and a modification of the nature of the core-envelope boundary that impact the structure and evolution of giant planets.
At the same time, tidal interactions are one of the key mechanisms that drive the evolution of planetary systems. On one hand, in the solar system, Lainey et al. (2009) and Lainey et al. (2012) have provided new constrains on tidal dissipation in Jupiter and Saturn using high precision astrometry. The obtained values are stronger than those that have been previously proposed in the literature by one order of magnitude, i.e. Q J ≡ 10 5.15 and Q S ≡ 10 3.87 , where Q is the normalized tidal quality factor defined in Ogilvie & Lin (2007) , which is inversely proportional to tidal dissipation. On the other hand, constrains obtained in exoplanetary systems hosting Hot Jupiters lead to a weaker dissipation with Q HJ ≡ 10 6.5 (see Ogilvie 2014 , and references therein). In giant planets, physical mechanisms driving tidal dissipation are the viscoelastic dissipation in the potential dense central region constituted of rocks and ices (Remus et al. 2012 (Remus et al. , 2015 and the turbulent friction acting on tidal inertial waves (their restoring force is the Coriolis acceleration) in the deep convective fluid envelope (Ogilvie & Lin 2004) . The efficiency of both mechanisms depends on the mass and radius aspect ratios between the core and the envelope and on the nature of the core-envelope boundary (Goodman & Lackner 2009; Ogilvie 2013; Guenel et al. 2014) . It is thus necessary to examine the possible consequences of the melting of the core. First, in Sec. 2, we discuss the direct impact of the modification of the mass and the size of the core for each dissipation processes. Next, in Sec. 3, we study the impact of the core-envelope boundary for tidal inertial waves propagating in the fluid envelope. Finally, we conclude and discuss astrophysical consequences and perspectives of this work. Mazevet et al. (2015) in the case where central regions melting is occurring.
Tidal dissipation mechanisms and their dependences on the mass and the size of the core
Let us first consider simplest bi-layer models of giant planets constituted by an external fluid envelope and a solid core constituted of rocks and ices (see Fig. 1 , left-panel). In such a simplified model, two dissipation mechanisms for tidal friction have been identified and studied:
• The inelastic dissipation: Rocks and ices can be modeled as viscoelastic materials. Because of the uncertainties on their rheological behavior, the simplest assumption is to assume the linear Maxwell model for which the shear modulus is complex with
where ω is the tidal frequency, G the rigidity and η the viscosity that drives the friction (Remus et al. 2012 (Remus et al. , 2015 . As demonstrated in Ogilvie (2013) and Guenel et al. (2014) , it is possible to evaluate a frequency-averaged tidal dissipation, which allows to unravel the impact of internal structure on tidal dissipation. In the case of a viscoelastic core, we obtain:
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where R c (R p ) and M c (M p ) are the radius and the mass of the core (the planet) while ρ e and ρ c are the density of the envelope and of the core respectively. We introduce the quadrupolar complex Love number k 2 2 , associated with the (2, 2) component of the time-dependent tidal potential U that corresponds to the spherical harmonic Y 2 2 . It quantifies at the surface of the planet (r = R p ) the ratio of the tidal perturbation of its self-gravity potential over the tidal potential in the simplest case of coplanar systems. In the case of dissipative systems, it is a complex quantity which depends on the tidal frequency (ω) with a real part that accounts for the energy stored in the tidal perturbation, while the imaginary part accounts for the energy losses (e.g. Remus et al. 2012 ).
• The (viscous) turbulent friction applied on tidal inertial waves: if we assume that the external fluid envelope is convective, the presence of a close natural satellite or star excites tidal inertial waves if ω ∈ [−2Ω, 2Ω], where Ω is the angular velocity of the planet. Their restoring force is the Coriolis acceleration. Because of the friction applied by convective turbulence, their kinetic energy is converted into heat that leads to tidal evolution of planet-star/natural satellite systems. Ogilvie (2013) as a function of the radius and mass ratios α = R c /R p and β = M c /M p (respectively in top-left and top-right panels). First, the mass of the material in solid state and thus β is decreased when melting occurs. Next, because of macroscopic transport of heavy elements towards the envelope, its mean density (ρ e ) is increased while the one of the core (ρ c ) is decreased (at a fixed core mass, it corresponds to an increase of R c ). To be able to predict the effect of melting processes, it would thus be necessary to be able to draw planetary evolutionary track in the (α, β) plane and in the corresponding (β, γ) one. Such a methodology has been applied in Mathis (2015) in the case of rotating low-mass stars leading to robust results for the frequency-averaged tidal dissipation in their convective envelope. To compute such a tidal evolutionary track, it would be necessary to compute planetary structure and evolution models taking into account melting and related mixing mechanisms (e.g. Leconte & Chabrier 2012) and the most realistic available EOS (e.g. Mazevet et al. 2015) . Note also that the value of G depends on the state of materials.
The impact of the core-envelope boundary condition
In addition of modifying the radius and mass aspect ratios between the central dense core and the envelope, melting the core of gaseous and icy giant planets may also modify the nature of the boundary condition between these two regions. Indeed, let us focus here on tidal dissipation in the deep hydrogen and helium envelope in two configurations: i) in the first, we consider it surrounds a dense solid rocky/icy core (see Fig. 1, left panel) ; ii) in the second one, we consider the configuration suggested by (Mazevet et al. 2015) where the envelope is above a liquid shell of SiO 2 that surrounds a central core of MgO (see Fig. 1, right panel) .
Then, tidal dissipation through the viscous dissipation of inertial waves is not the same in the case of a fluid-solid interface and of a fluid-fluid interface. As in the previous paragraph, we consider the behavior of the frequency-averaged tidal dissipation as introduced by Ogilvie (2013) and computed in the case of gaseous giant planets by Guenel et al. (2014) .
In the case of a fluid-solid interface, the frequency-averaged tidal dissipation is given by Eq. (2.5) while in the case of a fluid-fluid interface it becomes
We also introduce the normalized frequency-averaged tidal dissipation at fixed angular velocity for possible values of M c and R c for Jupiter-, Saturn-, Uranus-, and Neptune-like planets; the obtained results and the used parameters are given in the following table (Guillot 1999; Hubbard et al. 2009; Helled et al. 2011; Podolak & Helled 2012; Nettelmann et al. 2013) .
Two conclusions are then obtained. First, for every planets the frequency-averaged tidal dissipation associated with inertial waves reflecting on a fluid-fluid interface is weaker than the one in the case of a fluid-solid interface. Next, as this is shown by Fig. 2 (right-bottom panel) , this decrease is much stronger in the case of planets with large radius aspect ratios, that corresponds to the case of icy giant planets for which the strength of the frequency-averaged tidal dissipation corresponds to only 20% of its value in the case of a fluid-solid interface.
Conclusions
In this first exploratory work, we have discussed the possible effects of melting mechanisms that may occur in the central dense regions of giant planets. First, we have shown that realistic planetary structure and evolution models are key ingredients to be developed to provide a precise evaluation of mass, radius, and density ratios necessary to get a robust (Remus et al. 2012; Helled et al. 2011; Podolak & Helled 2012; Nettelmann et al. 2013) prediction of tidal dissipation. Indeed, these quantities directly impact the amplitude of the frequency-averaged tidal dissipation. Moreover, if melting of rocks and ices is taking place, tidal inertial waves, which propagate in the external envelope, may reflect on a fluid-fluid interface instead of a fluid-solid interface. In the case of planets having a large core such as icy giant planets, this may lead to a net decrease of tidal dissipation. In a near future, the impact of mixing mechanisms such as double-diffusive instabilities (see e.g Leconte & Chabrier 2012) on tidal dissipation must also be evaluated.
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